(U) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteDectual Property 
Organization 

International Bureau 

(43) International Publication Date 
14 July 2005 (14.07.2005) 




PCT 



Hiiiniii 


iilMIDIilll 


llililill 


lililll 



(10) International Publication Number 

WO 2005/064643 Al 



(51) International Patent Clasi^cation^: HOIL 21/00, 
21/20 

(21) International Application Number: 

PCT/US2003/039355 

(22) International Filing Date: 

11 December 2003 (11.12.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(63) Related by continuation (CON) or continuation-in-part 
(CIP) to earlier applications: 

US PCT/US03/21918 (GIF) 

Filed on 15 July 2003 (15.07.2003) 

US PCTAJS03/21916 (GIF) 

Filed on 15 July 2003 (15.07.2003) 

US 10/413,691 (GIF) 

Filed on 15 April 2003 (15.04.2003) 



US 

Filed on 

US 

Filed on 



10/413,690 (GIF) 
15 April 2003 (15.04.2003) 

10/413,913 (GIF) 
15 April 2003 (15.04.2003) 



(71) Applicants (for all designated States except US)i THE 
REGENTS OF THE UNIVERSITY OF CALIFORNIA 
[US/US]; nil Franklin Street, 12th floor, Oakland, GA 
94607 (US). JAPAN SCIENCE AND TECHNOLOGY 
AGENCY [JF/JP]; 4-1-8, Honcho, Kawaguchi City. 
Saitama 332-0012 (JP). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CRAVEN, Michael, 
D. [US/US]; 1903 Mayfield Avenue, San Jose, GA 95130 
(US). DENBAARS, Steven, P. [US/US]; 287 King Daniel 
Lane, Goleta, GA 93117 (US). 

(74) Agent: GATES, George, H.; Gates & Cooper LLF, 6701 
Center Drive West, Suite 1050, Los Angeles, GA 90045 
(US). 

[ Continued on next page] 



(54) Title: NON-FOLAR (Al,B,In,Ga)N QUANTUM WELLS 



in 



O 



LOAD 
SAPPHIRE 
SUBSTRATE 



ANNEAL 
SAPPHIRE 
SUBSTRATE 



DEPOSIT 
NUCLEATION 
LAYER 



GROW 
GALLIUM NITRIDE 
FILM 



COOL UNDER 
NITROGEN 
OVERPRESSURE 



GROW NON-POLAR 
(AI,B,ln,Ga)N 
LAYERS 



100 



102 



104 



108 



10$ 



(57) Abstract: A method of fabricating non-polar a-plane GraN / 
(Al,B,In,Ga)N multiple quantum wells (MQWs). The a-plane MQWs are 
grown on the appropriate GaN / sapphire template layers via metalorganic 
chemical vapor deposition (MOGVD) with well widths ranging from 20 A to 
70 A. The room temperature photoluminescence (PL) emission energy from 
the a-plane MQWs followed a square well trend modeled using self-consistent 
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